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ATX : autotaxin 
BSA : bovine serum albumin 
C1P : ceramide-1-phosphate 
CAG promoter : cytomegarovirus enhancer/chicken β-action promoter 
cDNA : complementary deoxyribonucleic acid 
Cre : Cre recombinase 
DG : diacylglycerol 
E~ : embryonic day~ 
ENPP : ecto-nucleotide pyrophosphatase/phosphodiesterase 
FCS : fetal calf serum 
GAPDH : glyceraldehyde 3-phosphate dehydrogenase 
GPCR : G protein-coupled receptor 
HUVEC : human umbilical vein endothelial cell 
LC : liquid chromatography 
LPA : lysophosphatidic acid 
LPC : lysophosphatidylcholine 
LPP : lipid phosphate phosphatase 
lysoPLD : lysophosphatidylcholine 
MG : monoacylglycerol 
MO : morpholino oligonucleotide 
MS : mass spectrometry 
mRNA : messenger ribonucleic acid 
PAF : platelet-activating factor 
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PBS : phosphate-buffered saline 
PCR : polymerase chain reaction 
PTX : pertussis toxin 






























 g~byLjaʽ˫ LPA 3ˬZdˤƽ1˯Ƴ2ɟɗʽ.ʽ
ɁĊ 'üȻ0ǁʪ2gɟʕ-Fĳũ0ȅȂȖȎȂȖǆɞJ
ƭ ,F˫Ġ 1-1 ˬ 
 Ć13 LPA3ȅ¼Ø-%2ĽĤűˁ-*'.Dɟʕ2Ċſ
F3²ʍ2˄¼.ȫŠ2ʇʎ-E%2¾ȇ@Ȉ˔ǛŷóƹȫŠ
 ǙȚG,0*'  LPA ðǩɲǯ2Ƣģǽʕ-F.Ĭ
Đ0G'2)(1)ǂ0ȅȂǛŷ¾ȇJƭ ,F.ǈ.ƣD1
0EȁĤ-3ɲŎƷǛŷöĝļ˫PAFˬAbyN]`˯ʽ˫S1Pˬ0
/.Ö1gɟʕmNRh2˯Ȭ1Þ˞GF˫Ġ 1-2 ˬ 
 LPA mNRh. ,2¾ȇJŢʘ"Uqc3˃˄ƣ-
*'1996 Ş1ɛȅƯ2ɢʕ1ȓȁ ,Fʵ¶ļ-F vzg-1 2Ȇǽ
 LPA JVo."F˴ĜɦʒʨĦ2 G ɯȔʕÖūĦąņ¼˫G-protein 









g~b~ve D .ē4G,F ˬ%2Ń¼3˃˄ƣ-*'(11,12)
  2002ŞŧȠȭń-3P`ɛ®ɲǦDg~b~ve DJȸ
 7 
ɶYqZ"F.1ſï g~b~ve D ȑȽɝǟǰÄʫ
ĝļ. ,ȞDG,'TnhW`˫Autotaxin, ATXˬ.ċ-F.J
ƣD1 '(13) 
 ATX3 1992Ş1ȽɝʯôÄʫǛŷJƋǃ. ,wnsȽɝ A2058
2ĩˡǦDȸɶG'Þļ-F(14)ǈʹà2ȜċŷDATX3 ATP
0/2Ƽʽ2~b~aRblɁĊJßƞ"F ENPP˫ ecto-nucleotide 
pyrophosphatase/phosphodiesteraseˬyL1Œ"Fʼȼ-F.¢ǪG'
(15)<'ȕơĖǑȼ˫Pertussis, PTXˬ-ÜȂ 'Ƚɝ1Ō ,3%2ǛŷJ
Ȥ0.(14)Ǜŷų2bTqJMq1Ɋƒ 'ıȋ¼3Ƚɝʯ
ôÄʫǛŷJȤ0.0/D(16)ATX 2ƭ"FʼȼǛŷ1CE¾DG
'ȆǽPTX Żąŷ2 GPCR 1¾ȇ"F.-ȽɝʯôÄʫǛŷȓƓG
F.ɒDG,'  ŧƤċłG,'°2 ENPP yLÞļ
.ǒʞ ,Ƽʽ1Ō"F ATX2ʼȼǛŷ˓Ŝ1Ť.0/DATX2ȅ
¼Ø-2ĪʕAȆȅǽ3ƣ0<<-*'LPA Ȇȅʼȼg~b~v
e D ATX.ċ-F.âƣ Ʃ1 LPAɨ¼1ǂ0ȑȽɝƻ2ʯ
ôŷ.įǍJÄʫ"FóƹF.DATX3 LPAJȆȅ"F.-ȑȽ














DATX2g~b~ve D Ǜŷ1CEȆȅGF LPAɲȴŨſ1ʿ
ɸ0ÏJ ,F.ɒDGF(26) 
   0DȁĤ<-1 LPA1D LPA6ąņ¼2üǿskYMPnPb
¾ɶG,FATXskYMPnPb.ċǂ0ɲȴȋŜJȤ"Pb3
D#LPA /2ąņ¼J­ ,ɲȴŨſJæů ,F23I*,
0(27)  
 
 ƫʡŧȠȭń1, ATX ʰìȓȁPb ATX skYMPnPb.
ċǂ1ɲȴŨſȋŜJȤ ɛȅɩǋ-F.ƣD.0*'2.
Dȅ¼Ø2 LPAˁÕ0ĭĊʰì1FĭĊ2/)D.@ʴß0ɲȴ
ŨſÝƵ0.IFɪĒǢ.1 in vitro- LPAÞɾǛŷJƭ"
F.ĬĐG,F Lipid phosphate phosphatase 3 (LPP3)2skYMPn
Pb@ ATXʰìȓȁPb.ċǂ2ɴȁĦJȤ".Dȅ¼Ø- LPP3











'<<ɲȴǁʪJɽŊ-F˫Ġ 1-4 ˬ 
	 ySsMjdbT]rYTjo˫MOˬF3 mRNAJe
zyNk`ąȸý1ƃ"F.-Õʛ-ʵ¶ļȓȁ2ƂæF3ʰ







*'ȱȯLPA ąņ¼LPP3 3ØȘȽɝ1ȓȁ ,F.I*'
2-wnØȘȽɝ-F human umbilical vein endothelial cell (HUVEC)Jȇ,








C 1-1. ƋŪƀŦŽŒŭťƏąƒlysophosphatisic acid, LPA)ľü 







prevention of apoptosis 
cell migration 
cytokine and chemokine secretion 
platelet aggregation 
smooth muscle contraction 
neurite retraction
<in vivo> 
Embryo implantation  
and spacing (LPA3) 




cancer cell invasion 
neuropathic pain (LPA1) 
pulmonary fibrosis (LPA1)
C 1-2. LPAľÔ 
LPAľ¦ĿGūƏźşï&cF;UŐ
ĭĸ¬tīŎĝĩŎŅĹĽLPA1-
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ȱ¤ȯ˵ezyNk`Jȇ'ɲȴŨſ1F LPAȆȅʼȼ ATX 






G'ȸɶ ' ATXJn[1ÔGPb1ǙÔ '.Hn[
üǿCE@ɲȴŨſÄʫG,'<'ɲȴØȘȽɝ(HUVEC)Jȇ'Ń
ˣ-@ATXn[2HUVEC2ȴŨſJÄʫ"F.I*'(28) 
 2002Ş1 ATX KOPb¾ɶGATX KOPbɲȴŨſȋŜJȤ 
ɩǋ-F.Dȅ¼Ø-@ATXɲȴŨſ1˅ ,ʿɸ0Þļ-F.
ƣD.0*,F˫ Ġ 2-1 ˬATX KOPb2ɲȴJ LacZA PECAM2Ó
Ȍƺɫ-ćɻö 'Ɂƹɲȴ26ɺè-EɌɦ2ɲȴ2ȴɣ
ÝƵ,0.I*'(25) 
   ATX .%2Ȇȅǽ-F LPA /2C1ɲȴŨſ1˅ ,F
2ʆȽ0Uqc3I*,0%2þĝ2+. , ATX2ǜ-


















1. Ńˣôǽ˫ezyNk`2ɃƊˬ  
 AB line˫ˀȅĦˬ. Tg˫fli1: EGFP lˬine 3 ZIRCDÔƁ 'ɲȴŨſ2




ý1,ąȸýJĜă 'ąȸý3Ǔǩ 28embryo medium E2 ˫ 15.0 mM NaCl, 
0.5mM KCl, 1.0 mM MgSO4, 0.15 mM KH2PO4, 0.05 mM Na2HPO4, 1.0 mMCaCl2, 
0.7 mM NaHCO3ˬ-ˠɘ ' 
 
2. MOʁɿ  
 MO3 CDS˫hvYʕ2\mNZ˚Ĩˬ 2+³2 exon1ɖ*,
Fʵ¶ļ1˅ ,3b{O`ZˆŅĦMOCDS 1+2 exon-ǁſ
G,F@21˅ ,3ɑʂˆŅĦMOJ Gene Toolsȥ1Á˜ ,¾ſ '
b{O`ZˆŅĦMO3 PCR1C*,ǃȖʵ¶ļ2ǊŜ0b{O`Z
ˆŅG,F.Jȡʇ 'ɑʂˆŅĦ MO3 MOh[knʹà2
ǜ1 GFPʵ¶ļ\oG,F mRNAJ¾ɶ %2 mRNA2ɑʂˆ
ŅGF.Jȡʇ '¿ȇ '{O2ʹà3ɴ 11Ȥ ' 
 
3. mRNA. in situ hybridizationȇ{z2Ċſ  
 mRNA <'3{z2Ċſȇ1YqZ '@2 ˫pCS2, pCS2P, 
pCS2P+|Yh1YqZ '@2 Jˬʴß0æˇʼȼ1C*,țɆö 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Ȳˁ2 proteinase K ǭǡ˫ 0.4mg/ml proteinase K ˫Roche ,ˬ 0.2 mM Tris pH 7.5, 25 
mM EDTA, 0.3 M NaCl, 2% SDSˬJð, 50- 30Þ˄Ăŵ$yQs
ˮY~ƆÝ.RhsǕǏ1CEțɆö '{boJȸɶ '
mRNA 2Ċſ3 mMESSAGE mMACINE kit (Ambion)Jȇ,qM1ŭ
*, SP6 {hDɳ*'{z2Ċſ3 1 µg DNA1Ō ,1 µl 
T7 F3 SP6 RNA polymerase ˫Roche ˬ2 µl 10Transcription buffer
˫polymeraseJʖÔ 'Ƥ1±Œ ,F@2 ˬ1 µl RNase inhibitor ˫ Promega ˬ
2 µl 10DIG RNA-labeling Mix˫roche ˬnuclease-free waterJnh 20ul10
FC1ð'37-˰Ƥ˄Ăŵ$'Ŭ2 µl Dnase˫ RocheˬJðD
1 37, 15 Þ˄Ăŵ$'mRNA .{z2ȸɶ3 NucleoSEQ Columns 
˫MACHEREY-NAGELˬJȇ' 
 
4. MO OaQY`˫ȽɝØƃˬ  
 MO3ȚȖǳŠ1 0.2 %yQskoǭǡ1Řʾ 'OaQY`
ȇ2OYx}kn3Vbȴ˫ NARISHIGE, GD-1 Jˬ{˫ NARISHIGE, 
PC-10ˬ1CEŢ¸4 ¾ſ 'OYx}kn1MOJM{O Ń
¼˝ű˂-ˏôOYOaQYh˫ NARISHIGE, IM-31 Jˬȇ,1-4 Ƚ
ɝƯ2ezyNk`2 yolk1 14 nlƃ ' 
¿ȇ 'MO2ʹàJ³1Ȥ" 
ATX MO1,  5- GGAGAATACCTGGGTCGAGACACCG-3 ;  
ATX 5-mismatch MO1,  5- GGAcAATAgCTGcGTCcAGACAgCG-3;  
ATX MO2,  5- TTCTTTCAAAGTCCCTACCTTTGCA-3; 
LPA1 MO,  5- TGGAGCACTTACCCAATACAATCAC-3 
LPA2a MO,  5- CCAGCCCTAAAACACAGGAAGACAT-3; 
LPA2b MO,  5- CTGATCTACAAGGAGAATATCACAC-3; 
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LPA3 MO,  5- ATGTAAAGCAGTAATCTCACCTAGC-3; 
LPA4 MO1,  5- GGCCATTTTGGCACTTGCAGTAGAT-3; 
LPA4 MO2,  5- ACTCCTGTTTCCAGTTAATTTCCGA-3; 
LPA5a MO,  5- TCCAAAGAGACTGGTGTGTTTAAGA-3; 
LPA5b MO,  5- TTCTCTCAAGAAAACGAATCGACGT-3;  
LPA6a MO,  5- TCTTAACAACAGACAAAGGCACGCT-3;  
LPA6b MO,  5- TTTGGCTTAAAACACAGTGAGTGTA-3. 
 
5. PRbhzklNZ  
 ąȸŬ 48Ƥ˄Ŭ2ezyNk` 30øJ 1.5 mL jz1ÔG%1 
deyolking buffer (55 mM NaCl, 1.8 mM KCl, 1.25 mM NaHCO3) JðP200˩ɫ
jk{(739296, Greiner Bio-one) -^b}o"F.-ezyNk`2
yolkʸÞJˉĀ '. ǈ1ńǩ- 5Þ˄ direct mixer (DM-301, AS ONE Corp.) -
`QOY '30ȩ˄ 300g -ʳų ǦJˉĀ '1 ml 2 wash buffer (110 
mM NaCl, 3.5 mM KCl, 2.7 mM CaCl2, 10 mM Tris-HCl, pH 8.5) JðƜĜ^b
}o 30 ȩ˄ 300 g -ʳų ǦJˉĀ '.H1 Laemmli sample 
buffer˫ 62.5 mM Tris-HCl pH 6.8, 10 % ˫v/v  ˬ glycerol, 2 % ˫w/v  ˬ SDS, 0.002 % 
˫w/vˬ bromophenol blue, and 5 % ˫v/vˬ mercaptoethanolˬJðǭɾŬ5
Þ˄ boil$ spin down 'łǗ1ŭSDS-PAGEJɳqndb
ɦ1 4, 280 mA- 120Þ˄nbyL 5 %˫w/vˬbWY-TTBS
˫10 mM Tris-HCl ˫pH 7.5  ˬ 150 mM NaCl, 0.05 % ˫v/v  ˬ Tween 20ˬ-˯Ƥ˄
zkWZJɳ*'Ƅ¼3":,zkWZ1¿ȇ ' 5%bWY
-TTBS1Řʾ ,¿ȇ 'rat anti-zebrafish atxƄ¼˫ŧȠȭń1CE¾ɶG
'@2J¿ȇˬJǥð 4-ƥːș 'TTBS -ǚǝ ˫5 Þ˄3 Ĝ ˬ




6. ɲȴŨſʄÂ  
 Tg (fli1:EGFP) Jªʹ$ȅ<G' 1-4ȽɝƯ2ąȸý1ĉMOJOaQ
Y` 'ezyNk`2ɫȼŨſJˆŅ"F'?ąȸŬ 24Ƥ˄Ƥ
Ǹ-qĊſˆŅê-F phenyl-thiourea (PTU) JĎƭ"F medium 1
Ɋƒ 'ąȸŬ 48 Ƥ˄2ezyNk`J ˨ʺ˭PTU Ďƭ2 0.7% »ɱ
ǸMVb˫0.01% Tricaine, 0.003% PTU.ˬ1ħ?ɽŊ '<'hO
{bƖŪ2ĭĊ3ǩŠJ 28 1Å)ąȸŬ 30-42Ƥ˄2˄J¤Ƥ˄1
ƖŪ 'ɽŊ13 LSM 700 confocal laser-scanning microscope (Carl Zeiss) J¿
ȇ ' 
 
7. Whole mount in situ hybridization (atx) 
 ąȸŬ 30 Ƥ˄Ŭ2ezyNk`ɜJȇŜǗ1,ɳ*'(30)4 % 
PFA-PBS- 4Ƥ˄ġł ˫ńǩ ˬ%2Ŭhs-ɡǓ -20 -ÅĽ 
'75%, 50%, 25% MeOH/PBS 1 5 Þ˄#+ǟ ,ÙǓĕJɳ*'Ŭ PBT 
(PBS, 0.1% Tween 20) - 5 Þ#+ 3 ĜǚǝJɳProteinase K Jȇ,ʦʰ
ÜȂJɳ%2Ŭ 4 % PFA-PBS- 20 Þ˄ÙġłJɳ*'2)PBT - 5 Þ
#+ 3 Ĝǚǝ '̂ {J hybridization mix ˫50% formamide, 5 x SSC (20 x 
SSC stock solution: 175.3 g of NaCl and 88.2g of Citric acid trisodium salt J 1 L2
MQ 1ǭɾ), 0.1%  Tween 20, 50 mg/ml heparin, 500 mg/ml RNase-free tRNA 
adjusted to pH 6.0 by adding citric acid (460 ml of 1M citric acid solution for 50 ml of 
hybridization mix)ˬ9.Ȫ 70- 2-3 Ƥ˄ {tOziOe`
Jɳ*'{tOziOe`ŬtOziOe`1Õ˃2a
]W`[q|{zJȇ'70 - 12 Ƥ˄tOziOe`
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Jɳ*'Ŭǚǝ"F'?75%, 50%, 25% hybridization mix/2 x SSC -ĉ 15 
Þ#+ 70-ǟ ,*'2 x SSC - 15 Þ˄ 70-ǚǝ D1 0.2 x 
SSC - 30 Þ˄#+ 70- 2 ĜǚǝJɳ*'%2Ŭ75%, 50%, 25% 0.2 x 
SSC/PBT -ĉ 5 Þ˄#+ńǩ-ǟ ,ƫŬ1 PBT - 5 Þ˄ǚǝ '
Blocking Buffer (Roche) 1 1 Ƥ˄³ńǩ-ǟ AP ǃʎƄa]W`[qƄ
¼ǭǡ1ÔGƪ,4- overnight Ăŵ$'PBT - 15 Þ˄#+ 6 Ĝ
ǚǝ D1 AP buffer (100 mM Tris HCl, pH 9.5, 50 mM MgCl2, 100 mM NaCl 
and 0.1% Tween 20) -ĉ 5 Þ˄#+ 3 Ĝǚǝ '%2ŬBCIP/NBP ǭǡ 
[5-bromo-4-chloro-3-indolyl-phosphate/nitro blue tetrazolium] 1ǟ Ń¼˝ű˂-






1. ezyNk`-@ ATX JskYiP"F.1CEɲȴŨſ
ȋŜJȅ!F  
 ɲȴŨſ1F LPA2ǆɞJƐF'?1Ȇȅʼȼ-F ATXJMOJ
ȇ,skYiP ɲȴŨſJɽŊ"F.1 'ATX 1Ō"Fb{
ObˆŅĦMOJ¤Ȭ˞˫ATX MO1, ATX MO2ˬ.\n. , ATX 
MO12ʹàD 5ĮĪıȋ$'ʹà2 MO (ATX 5-mis MO)J¾ɶ '˫Ġ 
2-2 A ˬATX MOJƃ 'ezyNk`˫ ąȸŬ 48Ƥ˄ ˬD mRNAJ
ƆÝ ʥʜÚ 'ŬPCRĂŵJɳATX MOƃ1CEȋŜ0 mRNA
-,F.Jȡʇ '2 mRNA2`YRbJȡʇ '.H ATX 
MO1ƃ-3 Exon2ǇĶ ,EATX MO2ƃ-3 Exon42Ŭû 14bp
ǇĶ ,F.I*'˫Ġ 2-2 B, C ˬD1hvYʕ|- ATX
2ǧŏJɹF'?ATX MOJƃ 'ezyNk`ɜ˫ąȸŬ 30Ƥ˄ˬ
DhvYʕJƆÝ ƄezyNk` ATXƄ¼˫ŧȠȭń1,¾
ɶG' Jˬȇ,PRbhzknɳ*'.HATX MOƃ1CE ATX 
hvY2ȓȁǧŏ ,F.I*'˫Ġ 2-2 D ˬ 
 ATX MO1CEATXskYiPG,F.I*'2-ǈ1
ɲȴŨſJɽŊ '<#ezyNk`2ɲȴŨſʰȫJʉƣ"F24 hour 
post fertilization (hpf, ąȸŬ~Ƥ˄)-Dorsal aorta (DA, ôɠ)D Intersegmental 
vessel (ISV).ē4GFɲȴÝɬ ,FǂļɽŊGFD1 30 hpf1
ISVɚÌ1åʱ Dorsal Longitudinal Anastomotic Vessel (DLAV)JŨſ"F
48 hpf13ɲȴ2ȴɣǁʪÝƵF˫şʋ˵Ġ 1-4 ˬATX MOƃɜ3 48 
hpf -3 ISV ¸˃2ʧ-Ǆ2 ISV .ɁĊ , <ǂļɽŊG'˫Ġ 
2-3 A ˬ2ʧ-Ǆ2 ISV .ɁĊ , <ȋŜJłˁ '.H\n
 24 
ɜ-32ȋŜ;.K/ɹDG021Ō ATX MOƃɜ-3Ⱥ
50-60%2Ç¼-ȋŜɹDG'˫Ġ 2-3 B, C ˬɲȴŨſʰȫJhO{bƖ
Ū ɀƤȖ1ɽŊ 'ɁƹATX MOƃɜ-3 ISV2¸˃ʭGƫȾȖ
1Ǆ1¸6, <̩ 2 ISV.ɁĊ , <*,F.I*'˫ Ġ 2-4 ˬ 
 
2. ATX31Ȧɀȴ.ɲȴ1ȓȁ ,F  
 Whole mount in situ hybridizationǗJȇ, ATX mRNA2ȓȁʸºJʊ:'
Ɂƹ30 hpf-3 ATX31˛ʸȦɀȴɲȴ1ȓȁ ,F.I*
'˫Ġ 2-5 ˬ 
 
3. LPA1, LPA4 JċƤ1skYiP"F. ATX skYiPƤ.ċǂ
2ɲȴŨſȋŜJȤ"  
 ǈ1 ATX 1CFɲȴŨſ1˅IF LPA ąņ¼2ċłJʅ='mh|
b^j 'ɁƹezyNk`13 LPA2, LPA5, LPA6˰+#+ĽĤ 
,''?%G&GJ a, b.ùã ,F<#ʿɷ ,F@2JĎ?, 9
+2 LPAąņ¼1Ō ,MOJ¾ɶ óƹȡʇJɳ*'LPA1, LPA2a, LPA2b, 
LPA31Ō ,3b{ObˆŅĦ MO J¿ȇ Õ,2 MO -ȋŜ0 mRNA
2ĽĤȡʇ-'˫Ġ 2-6 ˬLPA4, LPA5a, LPA5b, LPA6a, LPA6b1Ō ,3ɑ
ʂˆŅĦ MOJ¾ɶ Ńˋ1 MOh[knʹà2ǜ1 EGFPʵ¶ļJ\
o ' mRNA 2ɑʂJˆŅ"F.ȡʇ-'˫Ġ 2-7 ˬǈ1ĉ LPA ą
ņ¼JskYiP ɲȴŨſJɽŊ '.HATX JskYiP 'ˋ
1ɹDGFC0ɲȴȋŜJȤ"Ç¼30*'%-ĉ LPAąņ¼J
<<0ȿ=ĊI$-ċƤ1skYiP ɲȴŨſJɽŊ"F.LPA1.
LPA4JċƤ1skYiP 'ĭĊ ATX skYiPƤ1ɹDGFɲȴȋŜ
.˞¹ 'ɴȁĦJȤ '˫Ġ 2-8, 9 ˬD1 LPA4JskYiP 'ɜJ
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LPA1-32ˆŅê-F Ki16425 JĎK(ˠɘǡ-ɘ,'ĭĊ@ċǂ2ɲȴŨ
ſȋŜJȤ '˫Ġ 2-8, 9 ˬ<'ɪĒǢ.1 LPA6a. LPA6bJċƤ1sk
YiP"F.ɲȴ2ȋŜ0ÞŔɹDG'2.D LPA6@ɲȴŨſ1
˅ ,F.ɒDGF2.D ATX skYiP1CFɴȁĦ3
LPA1, LPA4, LPA61`ZpÔD00*'$(.ɒDG'ǈ1 LPA1, 








n`b0/ɒDGF%- ISV Jǁſ ,FØȘȽɝ2ƜJƜ
F'?ØȘȽɝ-ƼȪɳĦ EGFP Jȓȁ"FnbaQqkYezyNk
`˫fli1: nEGFPˬJȇ,ɾƸJɳ*'Ɂƹ\nɜ@ ATX <'









æů"FɲȴŨſ13 LPA1, LPA4, LPA6ąņ¼˅"F.ƣD10
*'D1 ATXskYiP1CFɲȴŨſȋŜ3ɲȴ2¸˃ǉ<F.
þĝ-F.ƣD.0*'  ISV Jǁſ"FȽɝƜ3ıö0
*'.D%DATX3ØȘȽɝ2ôJæů ,Fćɞŷ˥.
ɒ,F˫Ġ 2-10 ˬ%GJȤę"Fmh. ,in vitro- ATXwnɲ
ȴØȘȽɝJʮʗ$FǛŷJƭ ,F.ĬĐG,F(31)D1e
zyNk`2ɲȴ1 LPA1 ȓȁ ,F.(32), Pb2ɲȴØȘȽɝ
- LPA4ȓȁ ,F.ĬĐG,F(29)D1LPA63ǂ0ØȘ
Ƚɝ-˥ȓȁ ,F.@ȞDG,F(33)2.D ATX3 LPAJȆ
ȅ %2 LPA LPA1, LPA4, LPA62˱+2ąņ¼J­ ,ɲȴØȘȽɝ2ô
Jæů ,FćɞŷJɒ,F 
 <'¬ĜezyNk`1, ATX31˛ʸȦɀȴɲȴ1ȓȁ 
,F.I*'˫ Ġ 2-5 ˬ/1ȓȁ ,F ATXɲȴŨſ1ʿɸ-
F3¬Ĝ2Ƞȭ-3<(I*,0Pb-3 ATXJȿɉǾȋȖ1
skYMPn"FȠȭɳIG,EɲȴØȘȽɝǾȋȖ˫ Tie1 promoter - Creˬ
1ATXJskYMPn 'ĭĊ3ȚȮ*'ȋŜ3ɹDG0.ĬĐG,
F2-ØȘȽɝȓȁ ,F ATX3ɲȴŨſ1,Ň<E0
.ɒ,F(34)2ȞɹDȦɀȴ1ȓȁ ,F ATX ɲȴŨſ1ʿɸ
-Fćɞŷ˥.ɒ,FŃˋ1 ISV 2¸˃ǉ<*, <ʸÞ










forward primer forward primer 
LPA1 MO GCGAGTGATTTCTGGACCTTTCAGC GCCTTTTTCACAGTCTCTTCTTGCG 
LPA2a MO CCAGATGAAGAGCGTTTCC CAGGGAGAAATGGTTTTTCCATC 
LPA2b MO TGAGACTCGATTCCCTGAG GACGACGGTCTTCATCAG 
LPA3 MO 1st ATGGAGAGTGAACCGAGAAC CGGGGTACCTCAGGACTTGAGCATCT 
LPA3 MO 2nd ATGGAGAGTGAACCGAGAAC ATGGGGTTCATGACGGAGTTG 
ATX MO 1 1st GTGCCGAGGTTTGAGTAG ACAGTGGTCATCAAAGTCTG 
ATX MO 1 2nd TCGTTCAGTGTGGAAGAGAG ACAGGTTGTCACAGCGAC 
ATX MO 2 1st AGTAGTCGTTCAGTGTGGAAGAGAG TCAGGATAAAGCCCCGTTG 




C 2-1. ATX KOƂŖŦľá¢F
ATX KOƂŖŦĿßºam©\ŐĠÑ¤ÛĹğōĞĆ¤FƂŖŦĿË
ÚĽßºĥæVīŎōľĽWĭĝATX KOƂŖŦĿßºĥæVīŎļĠĞ 
Ć¤FƂŖŦ ATX KO ƂŖŦ 








fw2 primer (exon2) rv2 primer (exon6)
rv1 primer (exon3)









C 2-2. ATX MOľ5´í




























































C 2-3. ATX MOĽŊōßºam©\ęƒ48 hpfƓ
(A) 48 hpfĹľßºamĞcontrol MOĽŃĝATX MOpÒĹĿISVĥ
ÐŅĹ.±ıİƒ* ƓĝĎľISVĺÄ>ĭĸĠōƒ▼ƓĞ 
(B) ßºam©\ŐìįōčľìH 
















1 ** ** **
C 2-4. ATX MOĽŊōßºam©\ƒūŕƄƊſŦƓ








C 2-5. ATX ľ¬¢Ă




E1 E2 E3Normal :
Exon1 Exon2 Exon3














E1 E2 E3MO treated :
819bp
E1 E3MO treated :
MO treated :
fw primer rv primer fw primer rv primer
fw primer rv primer fw primer rv primer
GAPDH





LPA2b MO LPA3 MO
LPA1 MO LPA2a MO
C 2-6. LPA1-3;UMOľ5´í
LPA1, LPA2a, LPA2b, LPA3 ĽWįōŦſƊŕŦċTFMOľ5´íĞ 
ĲŎĳŎľPCR¥ĿŤƑşŘƏŦçŐàĠĝă-Ő´íĭĸĠōĞ 
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Phenol red LPA4 MO1
LPA4-EGFP mRNA (24 hpf)
Phenol red LPA6a MO Phenol red LPA6b MO
LPA4 MO2
LPA6a-EGFP mRNA (24 hpf) LPA6b-EGFP mRNA (24 hpf)
Phenol red LPA5a MO Phenol red LPA5b MO
LPA5a-EGFP mRNA (24 hpf) LPA5b-EGFP mRNA (24 hpf)
C 2-7. LPA4-6;UMOľ5´í






LPA6a MO + LPA6b MO LPA1 MO + LPA4 MO1 
Ki16425 
LPA4 MO1 
LPA4 MO1 + Ki16425 
* 
LPA2a MO + LPA2b MO LPA3 MO 
LPA2a MO + LPA2b MO + LPA4 MO1 
* * 




B. LPA1, LPA4ŬžƌŷŮşŬŖƏÒľ20-42 hpfĹľßºamūŕƄƊſŦ(
°Ğ 




























































































































ȱȯ˵ezyNk`Jȇ'ɲȴŨſ1F LPAÞɾʼȼ LPP3 








Wf^On`bJ­ ,ȽɝĲ1ƚÝGF  LPA 3%2Īʕ-
F LPC.Ȇȅʼȼ-F ATXȽɝĲ1ĽĤ"F'?ȽɝĲ-ȆȅGF
D1 LPC 3¼Ø13ʐŉ1ĽĤ ,F'?˫ɲ-3Ɯȕ µM | ˬ
ATXĽĤ"Fʸº- LPA3ɹǹæů1ȆȅGɂFC1ŶF 
 LPC, ATXʐŉ1ĽĤ"Fɲ-3 LPA2ˁ3Î-E˫Ɯú
nM| ˬ2 LPA|/2C1æůG,F23Ʊ(ɾƸG
,D#ƣ0<<-F%-ƀ3 LPA2æůUqc. , lipid 
phosphate phosphatase (LPP) 1ȝȚ ' 
 LPP family3 6ĜɦʒʨĦ2hvYʕ-E<<0ɟʕJɡ
ʽö"FǛŷJƭ ,F.ȞDG,F˫Ġ 3-1 (ˬ35)LPP family 13
LPP1, LPP2, LPP32+ĽĤ ,F 







 0D LPP3 3 LPA~byLjaʽ (PA)byN]`˯ʽ
˫S1P ˬdo˯ʽ˫C1PˬJÞɾ"FǛŷJƭ"F;1ɟʕJ
Þɾ"FǛŷ.3˓ÁĽȖ1 β-UlqÁĽȖ0ʵ¶ļ2ʜÚJˆŅ"F.
ȞDG,F'?˫Ġ 3-2 A ˬLPP3 KO1CFɲȴŨſȋŜ2Uqc3
I*,0*'(38) 
 ŧȠȭń1, ATXJʰìȓȁ"FnbaQqkYPb¾ɶɾ
ƸG2 ATXʰìȓȁPb LPP3 KOPb.˓Ŝ1˞¹ 'ɲȴŨ
ſȋŜJȤ".ƣD.0*'˫Ġ 3-2 B ˬ2ɴȁĦ2˞¹Dƀ
3LPP3 KOPb2ɲȴŨſȋŜ.ɴȁĦ3LPAʰì10*'Ɂƹ-3











1. MOʁɿ  
 MO3 LPP3a, LPP3b1Ō ,b{O`ZˆŅĦMO (MO1)ɑʂˆŅĦ
MO (MO2)J%G&G5.+#+ʁɿ '¾ſ 'MO.¿ȇ '{O
2ʹà3³2ʨE-F 
 
LPP3ab{O`ZˆŅĦ : 5- ACAATCTGGAGAACGATTCATTCAC -3 
LPP3aɑʂˆŅĦ : 5- CCTTCTCATACATATAGTTTTGCAT -3 
LPP3bb{O`ZˆŅĦ : 5- AGGCTGTCAAGAGAGAGACATACAC -3 
LPP3bɑʂˆŅĦ : 5- AATTCAACTTCTGCATGATGTCCGT -3 
 
LPP3ab{O`ZˆŅĦMO3 PCR1C*,ǃȖʵ¶ļ2ǊŜ0b{O




fw : 5’- TGGAAGCAAATCCAAGCATC -3’ 
rev : 5’- CGCCATGTGAATCGAGACTG -3’ 
 
2. mRNA¾ɶ  
 mRNA 3 mMESSAGE mMACHINE kit (Ambion)Jȇ,¾ɶ 'mRNA3 
14 ȽɝƯ2ąȸý2 yolk 1 12 nl OaQY` 'mRNA 2Ċſ
ƠǗOaQY`ƠǗ3ȱ¤ȯ1ċ!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3. LC-MSˮMS1CFɟʕɾƸ  
 ąȸŬ 30Ƥ˄Ŭ2ezyNk` 50øJ 1.5mL jz1ÔG%1 
deyolking buffer (55mM NaCl, 1.8mM KCl, 1.25mM NaHCO3) JðP200˩ɫj
k{(739296, Greiner Bio-one) -^b}o"F.-ezyNk`2
YʸÞJˉĀ '. ǈ1ńǩ- 5Þ˄ direct mixer (DM-301, AS ONE Corp.) -`
QOY '30 ȩ˄ 300g -ʳų ǦJˉĀ '1 ml 2 wash buffer 
(110mM NaCl, 3.5mM KCl, 2.7mM CaCl2, 10mM Tris-HCl, pH 8.5) JðƜĜ^
b}o 30ȩ˄ 300 g -ʳų ǦJˉĀ '%2}kn1Øʸǃ
Ǭ. , 17:0 LPAJǥð 'MeOHJ 100 µL (100 nM 17:0 LPA) ðtm
NĦʙ˕ǘ~apO_˫Smurt NR-50M, MICROTECˬJȇ,ǔ-
sonication˫ 3ȩ 3ĜOhu 3ȩ  ˬ'sonication  '^{3 15000 
g, 5min 4 -ʳų ǦJyNhJȇ,Hʰ LC1OaQY`
 'LCÞˍƴµ3 NAnospace`bl˫ʓȅīˬJȇ,ǈ2ʨE0
*'U C˵APCELLPAK C18 ACR˫ ʓȅī 1ˬ.5  250 mmȪôȜ 5˵ mM 
XʽMqP (pH 4.0) ā6 5 mMXʽMqP-95 %Mdnqn 
(pH 4.0)2ZaRn 
MS/MS ɾƸ3n{ěʿǀMS TSQ QuantumUltra (Thermo) Jȇ,ɳ*' 
 
4. ÓȌƺɫ  
 ąȸŬ 48 Ƥ˄Ŭ2ɜJ 2%PFA-PBS - 4 TupOn-ġłŬPBST 
(PBS + 0.1% Tween-20)- washŬ1ńǩ- 30Þ˄ PBST + 0.5% TritonX-100-
ÜȂ '%2Ŭ Blocking Solution (PBST, 0.1% TritonX-100, 10% normal goat 
serum, 1% BSA, 0.01% sodium azide) 1Ɋƒ 4-ƥÜȂŬ1ǈƄ¼1
anti-zebrafish CDH5 (knƄɲǦ)2ǈƄ¼1 goat-anti rabbit F(AB)2 – Alexa 568 




5. ezyNk` LPP3a, 3b2YqZ  
 ąȸŬ 24 Ƥ˄2ezyNk`JOYjz1ÔGCDS ǭǡ
˫1mM EDTA, 70ug/ml M{jq, 0.3mM PMSF, 50g/ml PMSF, 70ug/ml 
leupeptin 2ǳŠ10FC1 PBS -Řʾˬ-xk}lNZ"F.-
YJˉĀ 'r ųŬǦJˉĀ }kn1Ō , total RNAJ GeneElute 
Mammalian Total RNA Miniprep Kit  (Sigma-Aldrich) Jȇ, mRNAJüˍ 
High capacity cDNA RT Kit ˫Apllied Biosystemsˬ1,ʥʜÚJɳ*'³2{
OJȇ, PCR Sma1.Xba12æˇʼȼ^OnJäȇ , pCS2+ |
Yh1YqZ ' (LPP3a-pCS2+, LPP3b-pCS2+) 
LPP3a 
1st fw 5’-ACATCAGAAGGAACTCTAAC-3’ 
1st rev 5’-AATGCAGACTCCCGGTCCTC-3’ 
2nd fw 5’-AAACCCGGGACCACCATGCAAAACTATATGTATGA-3’ 
2nd rev 5’-AATCTAGACTACACCATGTTGTGATGGT-3’ 
LPP3b 
1st fw 5’-GTATTGAATTTTACGGACATC-3’ 
1st rev 5’-TGTTTCTGTGTGCAGATCTG-3’ 
2nd fw 5’-AAACCCGGGACCACCATGCAGAAGTTGAATTCGGT-3’ 
2nd rev 5’-AATCTAGATTAGCAGACGGTCTGCTGGC-3’ 
 
 LPP3a-pCS2+, LPP3b-pCS2+ Jl{n. ,³2{O- PCR
JɳpCS2-EGFP |Yh1YqZ"F.- LPP3 2 C Ʋ1 EGFP
hZJ±ð 'æˇʼȼ^On3 Sma1. Xba1Jȇ'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LPP3a 
fw: 5’- AAACCCGGGACCACCATGCAAAACTATATGTATGA -3’ 
rev: 5’- AATCTAGACACCATGTTGTGATGGTTGT -3’ 
LPP3b 
fw: 5’- AAACCCGGGACCACCATGCAGAAGTTGAATTCGGT -3’ 
rev: 5’- AATCTAGATTAGCAGACGGTCTGCTGGC -3’ 
 
 PCR1C*, LPP3a 2 196ȊȚ2dbTq10FC1LPP3b 
2 217 ȊȚ2dbTq10FC1ıȋJōÔ LPP3a (S196T)
LPP3b (S217T) J¾ſ 'ȇ'{O2ʹà3³2ʨE-F<#
fw-1. rev-1fw-2. rev-2- PCRJɳȚȖȆǽJßEÝ ȸɶŬɓJ
ǤĊ"FǤĊǽJl{n1 , fw-1. rev-2- PCRJɳPCRȆǽ
. pCS2+|YhJæˇʼȼ Sma1. Xba1-ÜȂ YqZ ' 
LPP3a 
fw-1: 5’- AAACCCGGGACCACCATGCAAAACTATATGTATGA -3’ 
rev-1: 5’- ATGTCCGGTAAAGAAGGATT -3’ 
fw-2: 5’- TTCTTTACCGGACATGCTTC -3’ 
rev-2: 5’- AATCTAGACTACACCATGTTGTGATGGT -3’ 
 
LPP3b 
fw-1: 5’- AAACCCGGGACCACCATGCAGAAGTTGAATTCGGT -3’ 
rev-1: 5’- TTCTTCACGGGCCATGCATC -3’ 
fw-2: 5’- ATGGCCCGTGAAGAAGGATT -3’ 
rev-2: 5’- AATCTAGATTAGCAGACGGTCTGCTGGC -3’ 
 
 46 
6. LPAÞɾǛŷǪł  
 HEKȽɝ3 DMEM ˫SIGMA ˬ10%˓ôö FCS ˫JSH ˬL-glutamine 2 mM/ml 
˫GiBCO ˬpenicillin 100 Ul/ml ˫SIGMA ˬstreptomycin 0.1 mg/ml ˫GIBCO  ˬ1
,ɃƊ ' 
 LPP3a, 3b in pCS2+ |YhJHEK293Ƚɝ1 lipofectamine 2000 (invitrogen) 
Jȇ,nbyQY` '24Ƥ˄ŬmNPJ DMEM (0.1% BSA, 
FCSĎ) 1Ɋƒ 'Ƥ˄Ŭ40 µM LPA JĎ> DMEM (1% BSA, FCS
Ď) 1Ɋƒ D1Ƥ˄Ŭ1ĩˡǦJĜă LPA ǳŠJ LC-MS/MS 2
`blJȇ,Ǫł ' 
 
7. MOnɾƸ  
 LPP32Msʽʹà3 National Center for Biotechnology Information (NCBI) m
h|bDĄŮ 'MOn1ȇ' LPP3 2hvYʕ2ʹà2
Accession Number3³2ʨE-F 
Homo sapiens: NP_003704  
Mus musculus: NP_542122  
Xenopus tropicalis: NP_001016858,  
Danio Rerio: lpp3aXP_001919561, lpp3bNP_001073447 
 
8. Whole mount in situ hybridization (lpp3a) 
 ąȸŬ 30Ƥ˄Ŭ2ɜJȇŜǗ1,ɳ*'ezyNk`J 4%PFA-PBS





9. łˁ RT-PCR1CFʵ¶ļȓȁɾƸ  
 ezyNk`CEGenEluteTM Mammalian Total RNA Miniprep Kit 
(SIGMA) Jȇ,±Œ2{n\1ŭtotal RNA JƆÝ '%2Ŭ 
High Capacity cDNA Reverse Transcription Kit (Applied Biosystems) Jȇ,±Œ
2{n\1ŭcDNA JĊſ 'cDNA ǭǡ3MilliQ water Jȇ
, 3 ÈŘʾ '@2J¿ȇ '%2ŬSYBR Green PCR Master Mix 
(Takara) Jȇ,±Œ2{n\1ŭReal time PCR system (Applied 
Biosystems, ABI Prism 7300) J¿ȇ ,łˁ PCR Jɳ*'ŮDG'mh3
house-keeping gene -F elf1a 2\xƜ-ɵǊJɳ*'{O2ʹà
3³2ʨE-F 
LPP3a 
Fwd: 5’-CCGGTTTATCACGAGTGTCTG-3’  
Rev: 5’-GGCTGTCTTAGCTTTGGGTTTG-3’ 
LPP3b 
Fwd: 5’-TGGAGGAAGCCAGAAAATCC-3’  









1. LPP33ezyNk`-ÅĽG,F  
 <#ezyNk`-@ LPP3 ÅĽG,Fȡʇ 'ezyN
k` LPP3J NCBImh|b-ʊ:'.HezyNk` LPP33
ʿɷ ,ĽĤ ,'wn.ǒ:,hvY|-Ⱥ 70%2Ȝċŷ2@2
J LPP3a, Ⱥ 40%2Ȝċŷ2@2J LPP3b. '2 LPP3a, LPP3b2/)D
@ LPP2ɟʕɡʽö1ʿɸ0ȽɝĲoO˫ C1, C2, C3 3ˬ˥Š1Å
ĽG,'˫Ġ 3-3 ˬ 
 
2. ezyNk` LPP3@ LPAÞɾǛŷJƭ"F  
 ǈ1LPP3a, LPP3b LPAJÞɾ"FǛŷJƭ ,Fʊ:'Yq
Z ' LPP3aLPP3b J HEK293Ƚɝ1ʰȖ1ȓȁ$ĩˡǦ1 LPA
Jð,%2 LPA2ÞɾˁJǪł '%2ɁƹLPP3a, LPP3b3/)D@ LPA
JÞɾ"FǛŷJƭ ,ED1MsʽʹàDǛŷų.¢ŹGF
dJbTq1Ɋƒ 'ıȋ¼-3 LPA ÞɾǛŷJȤ0*'˫Ġ 
3-4 A ˬLPP3a, LPP3bȽɝɴ˔1FJʊ:F'?1LPP32 CƲ1 EGFP
J±ð 'ɱĊhvYJ HEK 1ȓȁ$ɽŊ '.HŃˋ1 LPP3a, 
LPP3b3/)D@Ƚɝɦɴ˔1ĽĤ"F.I*'˫Ġ 3-4 B ˬ 
 
3. LPP3a 31ɲȴ1ȓȁ ,F  
 ĉȓȅǎˊ1F LPP3a, LPP3b2mRNAȓȁˁJłˁRT-PCR1CEǪł
 '%2ɁƹɲȴƟȅȅ!FƤƯ (24-48 hpf) 13 LPP3a LPP3bCE
10 Èȫ˥ȓȁ ,F.I*'˫Ġ 3-5 ˬǈ1 Whole mount in situ 
hybridizationǗJȇ, LPP3a2ȓȁʸºJʊ:'30 hpf-3 LPP3a31ɲ
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ȴ1ȓȁ ,F.I*'˫Ġ 3-6 ˬzLPP3b 1+,@ċǂ1 Whole 
mount in situ hybridizationJɳ*'ȓȁˁ»'?`ZpJɽŊ"F
.-0*' 
 
4. LPP3a skYiP1CEɲȴŨſȋŜȅ!F  
 LPP3a3 LPP3b1ǒ:ȜċŷLPAÞɾǛŷȓȁˁ˥.D<
# LPP3a2ǆɞJɾƸ C.ɒLPP3a1Ō"F MOJ¾ɶ '˫b{
ObˆŅĦ (spMO)ɑʂˆŅĦ (atgMO)J+#+ˬ˫ Ġ 3-7 A ˬLPP3a spMO
Jƃ 'ezyNk`˫ ąȸŬ 48Ƥ˄ ˬD mRNAJƆÝ ʥʜÚ 
'ŬPCRĂŵJɳLPP3a spMOƃ1CEȋŜ0 mRNA-,F
.Jȡʇ '˫ Ġ 3-7 B ˬ<'LPP3 atgMO3MOh[knʹà2ǜ1EGFP
ʵ¶ļJ\o ' mRNA 2ɑʂJˆŅ"F.ȡʇ-'˫Ġ 3-7 C ˬ
LPP3a MOJƃ 48 hpf-ɲȴŨſJɽŊ 'LPP3aJskYiP '
Ç¼-3\n1ǒ:,ɲȴ2ȴɣǁʪɹDG#ôɠ. ISV 2ɁĊ
ßG,ʣɇ ,FǂļɽŊG'˫Ġ 3-8A, B ˬɲȴŨſJhO{
bƖŪ '.H\nɜ-3 36 hpf D(K(K.ɲȴ2ȴɣǁʪ
ÝƵ,21Ō ,LPP3a skYiPɜ-3ȴɣ3ŨſG#ɲȴ
ʣɇ ,ǂļɽŊG'˫Ġ 3-8 C ˬ  LPP3b1Ō"FMOJ
2 +¾ɶ skYiP 'ɲȴŨſȋŜ3ɹDG0*'˫Ġ 3-9 ˬ
2.D LPP3aɲȴŨſ1ʿɸ-F.ɒ¬Ŭ3 LPP3a1ȝȚ ɾ
ƸJɳ*' 
 
5. LPP3a skYiP1CE VE-cadherinJ­ 'ØȘȽɝ˄ƑȝŤ<
F  






GF˫ Ġ 3-10 A ˬ2 VE-cadherin1CFØȘȽɝċİ2ƑȝŤ<F.-
LPP3a skYiPɜ-ɹDGFɲȴȋŜȅ!F2Jʊ:F'?1
VE-cadherin JskYiP ɲȴJɽŊ '"F. VE-cadherin skYi
Pɜ-@ LPP3a skYiPɜ.ċǂ2ɲȴ2ȴɣ2ƱŨſɲȴ2ʣɇ
ɽŊG'˫Ġ 3-10 B ˬ 
 
6. LPP3a skYiP1CFȋŜ3 LPA6a ąņ¼2skYiP1CE
bWGF  
 2 LPP3a skYiPɜ2ɴȁĦ LPA J­ ,F/Jʊ:F'
?1LPAȆȅʼȼ-F ATX<'3 LPAąņ¼J LPP3a.ċƤ1skYi
P LPP3a skYiP1C*,ȅ!FɲȴŨſȋŜbWGF
/ʊ:'LPP3a skYiP1CEȺ 50%2Ç¼-ɲȴ2ʣɇȅ!
FATX<'3 LPA6a JċƤ1skYiP 'ĭĊ1ɲȴ2ʣɇJȤ"Ç
¼ƭź1ǧŏ '2.D LPP3a skYiP1CFɲȴ2ʣɇ2þ
ĝ2ʸ3ʰì0 LPA`Zp1CF@2(.ɒDGF˫Ġ 3-11 A, B ˬ%
-Ńˋ1ezyNk`2¼Ø- LPAˁįð ,F/Jʊ:'
ezyNk`J"E+8 ɟʕJƆÝ ĉȬgɟʕJ LC-MS/MS
Jȇ,łˁ '\nɜ1D: LPP3a skYiPɜ-3ƾÝ-
'Õ,2ɟɗʽȬ1, LPAˁƭź1įð ,'°2gɟ





















³2ɁƹCELPP3a skYiPɜ-3ȅ¼Ø- LPA ˁįð LPA6a
ąņ¼1ʰì0`ZpJʤF.-VE-cadherin 1CFØȘȽɝ˄ƑȝJƂ
æ ,F.ȤęG'%D LPP3 KOPb2ɴȁĦ@ LPAʰì
10*''?1ØȘȽɝ˄ƑȝŤ<*'Ɂƹ(.ɒDGFVE-cadherin 2
KOPb@ĬĐG,FA3E LPP3 KOPb.˞¹2ɲȴŨſȋŜ
JȤ ɛȅɩǋ-F(39)  LPP3a skYiP1CFɲȴ2ʣɇ3
ATX<'3 LPA6a2skYiP1CEŁÕ1bWG,0.
Dã2Uqc-ɲȴØȘȽɝ2ƑȝŤ<*,Fćɞŷ@FÀ




 <'¬ĜLPP3a skYiP '.1 LPA6a 1`ZpÔF.-
ɲȴŨſȋŜȅ!'ȱ¤ȯ-ʢ:'C1 LPA6a üǿ-skYiP 
'ĭĊ@ɲȴŨſȋŜȅ!F.D%D LPA6a 13`Zpʴß0
ˁ(¶IFŴɸF.ɒDGFLPP33ɲȴØȘȽɝ˄ƑȝJʴß1æ
ů"F'?1 LPA6a9¶IF`ZpJʊȵ ,F.ȤęGF 
 ǈ1ezyNk`-ƣD.0*'UqcĘ ˞-/0*,










PA : phosphatidic acid 
S1P : sphingosine-1-phosphate 
C1P : ceramide-1-phosphate  
MG : monoacylglycerol 






































C 3-1. LPP family ĿƋƏÕïŐ×ƋƏą7įōiŐ|įō 
 LPP family ĿLPA, PA, S1P, C1PŐ×ƋƏą7įōiŐ|įōĞ
53
ATXÿ2¬¢Ć¤FƂŖŦ























































































C 3-6. LPP3a ľ¬¢Ă
Whole mount in situ hybridizationŐ¦ĠĸLPP3aľ¬¢ĂŐîŃĴĞ











































































































































LPP3a spMO + ATX MO LPP3a spMO + LPA6a MO
** **








































































































































































ȱěȯ˵wnɧś˒ɠØȘȽɝ˫HUVECˬJȇ' LPA signal. LPP32  




 ezyNk`D LPA3ɲȴŨſ1ʿɸ-E%2 LPA`Zp3Þ
ɾʼȼ-F LPP3 1CEÿň1æůG,F.I*'<' LPA 
¾ȇ"F23ØȘȽɝ-F.¢ŹG'G<-1 in vitro 2Ńˣ-
ATX ØȘȽɝ2ʮʗJÄʫ"F.(31)A LPA ØȘȽɝ2 intercellular 
adhesion molecule-1 (ICAM-1)2ȓȁJįð$F.(41)0/ĬĐG,F
  0DLPA ØȘȽɝ1FŪ˖3ŁÕ13ȂɾG,D#ȧ
3wnɧś˒ɠɲȴØȘȽɝ˫human umbilical vein endothelial cell, HUVECˬJ







1. Ƚɝ   
 wnɧś˒ɠɲȴØȘȽɝ˫human umbilical vein endothelial cell, HUVECˬ3
YPDʖÔ HuMedia-EG2 ˫YPˬJĩĥ. , 10 cm dish1,
ɃƊ 'HUVEC3 passage 4-7<-2˄1Ńˣ1¿ȇ ' 
 HEK293Ƚɝ3 DMEM (SIGMA)10% FCS (JSH)2mM/ml L-glutamine (Gibco)
100 U/ml penicillin (SIGMA)0.1 mg/ml streptomycin 1,ɃƊ ' 
 
2. HUVEC92 siRNA, ʵ¶ļōÔ  
 HUVEC92 siRNA, ʵ¶ļōÔ13 Neon® Transfection System (invtrogen) J
ȇ'RYn`2ƴµ3 ˏģ˵1400V, Ƥ˄˵20 ms, ĜƜ˵1
Ĝ-ɳ*'RYn`ŬȽɝJ Opti-MEM (invtirogen) 1žǲ
 {n1ƕȬ Ƥ˄Ŭ1 HuMedia-EG21mNPJɊƒ ' 
 Ńˣ1¿ȇ ' siRNA3Õ, invitrogenDʖÔ 'Human Stealth™ Select 
RNAi (Stealth Pre-designed siRNA)˱Ƴdkn%2)ʵ¶ļskYiPó
Ȁ2˥@2Jłˁ RT-PCRǗ1CEȡʇ ¿ȇ '¿ȇǳŠ3 final 50 nM 
 
3. In vitro permeability assay 
 Type I collagen˫ Cellmatrix Type I-C, 3 mg/ml, pH 3.0ˬJ 0.02 M ʻʽ- 10Þ2
11Řʾ 6.5mm Transwell® with 3.0 µm Pore Polycarbonate Membrane Insert 
(CORNING)2 insert1 100 µLð'ńǩ-˯Ƥ˄˒Ɋ collagenǭǡJĄ
Eˉ PBS- 2Ĝǚǝ '2)Ǔ- 1Ĝǚǝ Y|jØ-¡ǻ
$'Transwell2œ1 HuMedia-EG2J 600 µLðHUVECJ HuMedia-EG2
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1 106 cells/ml10FC1žǲ žǲǡ 100 µLJ insert21ð'%2
Ŭ 3ơ˄ĩˡ monolayerJŨſ$' 
 HUVECJ 1 %BSAÔE2Medium 199 (M199, invitrogen) -ǚǝ Ƥ˄ 
serum starvationJɳ*'%2Ŭ insertD 10 µL2mNPJˉ10Èǳ
Š2LPAJð30Þ37-OW|` '1 mg/ml 2FITC-dextran 
(MW: 42,000, ICN) J 10 µLðʝƍ*,Ɨƈ '˯Ƥ˄Ŭœ1Ȫô
 ,' FITC-dextranJǪł"F'?œDĜă ' 50 µL2ǡ1 300 µL
2 PBSJðŘʾ FlexStation 3 (Molecular Devices) Jȇ, FITC2ɰÒJ
Ǫł ' (492 nm-òʘ 520 nm2ɰÒJƾÝ) 
 
4. ÓȌɰÒƺɫ  
 24 well plate (Greiner) 1ĦUuZb˫Cat.No. 12-545-82, Thermo Fisher 
ScientificˬJÔGType I collagenJ 0.02 M ʻʽ- 10Þ2 11Řʾ ńǩ-
1Ƥ˄\n 'HUVECJ HuMedia-EG2- 2 x 105 cells/ml10FC1žǲ
 ĉ well1 1 mL#+ÔG'2ơ˄ĩˡ '2)ȽɝJ 0.1% BSA-M199
-ǚ0.1% BSA-M199 - 1 Ƥ˄ serum starvation Jɳ*'%2ŬLPA, 
forskolin (FK)0/-çǱ 30ÞŬ 4% PFA-PBS, 5mM CaCl2 Jȇ,ńǩ- 15
Þ˄ġł '0.5% Triton-TBS, 5 mM CaCl2 (TBSCa) - 15Þńǩ-ÜȂ 
TBSCa-ǚǝ '3% BSA-TBSCa, 10% goat serum1, 30Þńǩ-zkW
ZŬǈƄ¼JzkWZǡ-Řʾ 4 O/N -ÜȂ 'ǈƄ¼-
¿ȇ 'Ƅ¼.ŘʾǳŠ3Ƅ VE-cadherinƄ¼˫clone BV6, 1/200 ˬƄ FlagƄ
¼˫M2, 1/200ˬ-F¤ǈƄ¼13 Alexa Fluor 488 Goat anti-mouse IgG 
(Molecular Probes) J 1/1000Řʾ-¿ȇ 1Ƥ˄ńǩ-ÜȂ 'ƼƺɫJ"
Fˋ13 100 ng/ml2 DAPIJMYjyNnƺɫJɳˋ13 Alexa 
Fluor 594 phalloidin (Molecular Probes) J 1/50Řʾ-¤ǈƄ¼ǡ1ǥð '¤
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ǈƄ¼ÜȂŬ TBSCa -ǚǝ UuZbJ Fluoroshield Mounting Medium 
(ImmunoBioScience) 1,bOoZb9Pn LSM 700 confocal 
laser-scanning microscope (Carl Zeiss) J¿ȇ ɽŊ ' 
 
5. Scratch assay 
 24 well plate1 HUVECJƕȬ \yRn<-ĩˡ 0.1% BSA-M199
-ǚ0.1% BSA-M199- 1Ƥ˄ serum starvationJɳ*'%2ŬP20jk




6. VE-cadherinȽɝĲoOȿ=ƒhvYʕ˫ VE-cad-Fc-His 2ˬ¾ɶ  
 {bo˫VE-cadherin-Fc-His-pcDNA3.1 (ˬ42)3ĢȮŰȄĚdh2ƮƬ
țǅÑȅCE˗'GJ 10 cm dish 1ƕȬ ' HEK293 Ƚɝ1
Lipofectoamine 2000 (Invitrogen)Jȇ,nbyQY` '24Ƥ˄Ŭ
ȽɝJ PBS- wash mNPJ Opti-MEM1Ɋƒ '48Ƥ˄Ŭ1Ǧ
JĜă 12000 G, 4- 15Þʳų 0.45 µm2yNh˫Millex-HVˬ-
ǵʰ '%2ǦJ HiTrap Protein G HP (GE Healthcare) Jȇ,ȸɶ '
SDS-PAGE. CBBƺɫ1CEȚȖ2hvYʕĎ<G,FyY`




 VE-cad-Fc-HisJ PBS/CaMg- 5 µg/ml 1ʊɶ 50 µL/well- 96 well plate1
ð4 O/N-\n 'PBS/CaMg-ǚǝ 'Ŭ1% heat-inactivated BSA 
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(85, 12ÞÜȂ) –PBS1,Ƥ˄zkWZ 'GJ PBS/CaMg-Š
ǚǝ '@2JMkdO1¿ȇ ' 
 10 cm dish -^z\yRn<-ĩˡ ' HUVECJ PBS-ǚǝ 7 ml
2 2 µM CellTracker Green CMFDA (Invitrogen)-PBS/CaMg1, 37- 45Þ˄ĩ
ˡ ,ɰÒǃʎ '0.1% BSA-M199 1Ɋƒ 30 Þ˄ĩˡ 'Ŭ0.05% 
Trypsin, 0.53 mM EDTA1CEȽɝJë 0.2mg/ml Trypsin inhibitor-ĕ 
ȽɝƜJɿǪ 'PBS wash Ŭ1 0.8-1.6 × 105 cells/ml 10FC1 0.1% 
BSA-M199 -žǲ 37- 30 Þ˄ǫǞ1,OW|` '2 È
ǳŠ2Vo˫50 µLˬJÔG' 96 well plate1ȽɝžǲǡJ 50 µLð
Ƥ˄OW|n '2)ƱƑȝ2ȽɝJ PBS/CaMg- wash"F.-Ą
Eˉ'Ƒȝ 'ȽɝJ 1% Triton-PBS-ǭɾ ɰÒŦŠJ FlexStation 3 J
ȇ,Ǫł ' 
 
8. łˁ PCR1CFʵ¶ļȓȁɾƸ  















Fwd: 5’-GCTCCCATGAAGCTAATGAAGACA-3’  
Rev: 5’-AGGCCGTCCAGCAGCAGA-3’ 
LPA4 
Fwd: 5’-CAGTGCCTCCCTGTTTGTCTTC-3’  
Rev: 5’-GAGAGGGCCAGGTTGGTGAT-3’ 
LPA5 
Fwd: 5’-AGCAACACGGAGCACAGGTC-3’  
Rev: 5’-CCAAAACAAGCAGAGGGAGGT-3’ 
LPA6 




Rev: 5’-GTTGGTGTTTCATGCAGAGTTG -3’; 
LPP2 
Fwd: 5’-CTACCGTCCAGATACCATCACC-3’  
Rev: 5’-GTTGAAGTCCGAGCGAGAATAG-3’ 
LPP3 
Fwd: 5’-TGGCAGGATTTGCTCAAGG-3’  
Rev: 5’-CAATAATGTCCACAGGTGAAAGGG-3’ 
HEY1 




9. Notch ligand (Dll4) çǱ1CFʵ¶ļȓȁıö2ɾƸ  
 Notch ligand-F recombinant Dll4 (rDll4, R&D Systems)J PBS- 1 µg/ml 1
Řʾ 6 well plateJ 4 O/N-\n 'PBS- washŬHUVECJ 1 x 105 
cells/well-ƕȬ HuMedia-EG2-ĩˡ '%2.ċƤ1 Notch ihibitor -
F DAPT (10 µM, Sigma) JÜȂ"FɎ@ȇź '24Ƥ˄Ŭ1 HUVECD
RNAJƆÝ ʵ¶ļȓȁɾƸJɳ*' 
 
10. TGFα  shedding assay1CF GPCRǛŷö2ƾÝ  (43) 
 HEK293ȽɝJ 12 well1ƕȬ ɐơ LIPOFECTOAMINE 2000- LPAąņ
¼platelet activating factor (PAF) ąņ¼LPP3.MU~byLhe˫ APˬ
ǃʎ TGFα (AP-TGFα) J%G&Gȿ=ĊI$,nbyQY` '24
Ƥ˄ŬȽɝJë HBSS (Hank's balanced salt solution (with 5 mM HEPES (pH 
7.4), without phenol red))1žǲ 96 well plate1 90 µL/well-<37- 30
Þ˄OW|n 'ȚȖ2 10 ÈǳŠ1ʊɶ ' LPA <'3 PAF J 10 
µL/well-ð,D1 1Ƥ˄OW|n '% ,ȽɝDßE(
G,ĩˡǦ1Ȫɳ ' AP-TGFαˁ3 APǛŷJǪł"F.-łˁ 'AP










çǱ ǂļJɽŊ 'LPA çǱ 'ˋ1 HUVEC 2Ũżıö ,Fǂ
ļɹDG'2-Ƚɝˤƽ-FMYjJƺɫ '.HʨŜƤ13Ƚ
ɝ2đE1ťEŕDG,FMYjɈɃ LPAçǱƤ13ȽɝØJǄƞ"
FMYjbnbyLOu2ŨſÄʫG'˫Ġ 4-1 A ˬD1Ƚɝċ
İ2Ƒȝ00EXk{ŨſG,'2-ɲȴØȘȽɝċİ2Ƒȝ
1ʿɸ0 VE-cadherinJÓȌƺɫ1CEćɻö '%2ɁƹʨŜȽɝƑȝ
˔1ĽĤ"F VE-cadherin  LPA çǱ1CE%2őĤıö ,F.I
*'˫Ġ 4-1 A ˬ2.D LPA1CEØȘȽɝ˄ƑȝƂæG,F
.ȤęG'2-Transwell Jȇ,ɲȴʦʰŷJʄÂ '.HLPA
3ɲȴʦʰŷJ©ʫ$F.ƣD.0*'˫Ġ 4-1 B ˬ 
 
2. LPA3 VE-cadherinÁĽȖ0ƑȝJƂæ"F  
 LPAVE-cadherin1CFȽɝ˄ƑȝJƂæ"F/JCEțƑȖ1ʊ:
F'?1 VE-cadherinƑȝMkdOJɳ*'2MkdO3 VE-cadherin2Ƚ
ɝĲ˚Ĩ.Ƅ¼2 Fc˚ĨJɱĊ$'hvYJ well1\n %1ØȘ
ȽɝJƑȝ$F.- VE-cadherin ÁĽȖ0ƑȝJʄÂ"FƠǗ-F(42)
2MkdO2ɁƹDLPA3 VE-cadherinÁĽȖ0ƑȝJƂæ"F.I




3. ØȘȽɝ1Ō"F LPA2óƹ3 Gα13/RhoA/ROCK pathwayJ­"F  
 LPA 2ØȘȽɝ˄ƑȝƂæ¾ȇ3ȽɝØ2/*'`ZpJ­ ,F
2Jʊ:'GPCR2ǜ-MYjbnbyLOuŨſJÄʫ"Fɀʚ
. , Gα13/RhoA/ROCK ɀʚĬĐG,'2-(44)LPA @2ɀʚJ­
 ,F2Jʊ:'%2ɁƹGα13/RhoA/ROCK ɀʚ2ˆŅ1CELPA
1CFMYjbnbyLOuŨſ3ƂæG'˫Ġ 4-3 ˬVE-cadherinƑ
ȝMkdO1,@ LPA2ƑȝƂæ¾ȇ3 ROCK2ˆŅ1CEǧŤ '˫ Ġ 
4-4 ˬ 
 
4. ØȘȽɝ1Ō"F LPA2óƹ3 LPA6J­"F  
 LPA2¾ȇ/2 LPAąņ¼J­ ,F2Jʊ:F'?1HUVEC
2 LPAąņ¼2ȓȁJʊ:'.HLPA6°2ąņ¼1ǒ:˥ȓȁ ,F
.I*'˫ Ġ 4-5 A ˬ%-siRNAJȇ, LPA6JskYiP 
HUVECJLPAçǱ '.HLPA1CFMYjbnbyLOuŨſ
ɲȴʦʰŷ©ʫ¾ȇA VE-cadherin ÁĽȖ0ƑȝƂæ¾ȇÕ,ǧŤ '˫Ġ 




F˫Ġ 4-9, 10 ˬ 
 
5. LPP33 LPA `ZpJƂæ"F  
 ǈ1LPP3 HUVEC1, LPA`ZpJ/2C1æů ,F2
Jʊ:'<# HUVEC 1F LPP family 2ȓȁˁJɾƸ '.H LPP 
familiy20-3 LPP3˥ȓȁ ,'˫Ġ 4-11 A ˬHUVEC1 LPP31Ō
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"F siRNA JnbyQY` '.HLPP3 2ȓȁˁ3ǧŏ 
HUVEC2 LPAÞɾǛŷ3ǧŏ"F.Jȡʇ-'˫Ġ 4-11 B, 12 ˬʨŜƤ
-3 1µM LPADMYjbnbyLOuŨſÄʫ¾ȇɽŊGF
2 siRNAJȇ,LPP3JskYiP '.H10Þ212ǳŠ-F 0.1 
µM LPA -MYjbnbyLOuŨſÄʫ¾ȇɹDG'˫Ġ 4-13 ˬ
LPP3skYiP1CF LPA˥Żąŷ3 mouse LPP3 (mLPP3)JōÔ"F.
A LPA6 JskYiP"F.-ɹDG00*'˫Ġ 4-13 ˬVE-cadherin
ƑȝMkdO1,@ LPP3 skYiP1C*, LPA 92Żąŷ©ʫ 
'˫Ġ 4-14 ˬLPP3 1CF LPA6ǛŷöƂæ3/2ȫŠ02JłˁȖ1ʊ:
F'?1 GPCR ǛŷöJƾÝ"F TGFα shedding assay(43)Jɳ*'LPA6J
HEK293Ƚɝ1ʰȖ1ȓȁ$LPAçǱ"F.ǳŠÁĽȖ1 LPA62Ǜŷö
JƾÝ"F.-'˫Ġ 4-15 ˬ% , LPA6.ċƤ1 LPP3 Jȓȁ$F
. LPA62 LPA 92Ăŵŷ3üǿ-ȓȁ$'Ƥ1ǒ: 100 Þ2 1 ȫŠ<-»
 '˫Ġ 4-15 ˬ2¾ȇ3 LPA ÞɾǛŷ0ǛŷĦ2 LPP3 -3ɹD
G0*'˫ Ġ 4-15 ˬ<' LPP31C*,ÞɾJą0 platelet activating factor 




'˫Ġ 4-16 ˬ 
 





3CE»ǳŠ2 0.1 µM LPA çǱ-MYjbnbyLOuŨſG'
˫Ġ 4-17 ˬ2 LPA 1Ō"FŻąŷ2ʲ3Ƚɝ˄Ƒȝ2ȫŠ1ÁĽ"F
2-30.ɒ\yRn2 HUVEC1Ƚɝ˄ƑȝJŦ?F forskolin 
(FK) JÜȂ (45)LPAçǱ '.H LPA1CFMYjbnbyLOu
Ũſ3ȅ!0*'˫ Ġ 4-17 ˬFKÜȂ1C*, LPA`ZpƂæG'
2ȁʑ1 LPP3 ˅ ,Fʊ:F'?LPP3 JskYiP '
HUVEC1Ō FKJÜȂ LPAçǱJɳ*'%2ɁƹFKÜȂJɳ*,@
LPP3 JskYiP ,G4 LPA çǱ1CEMYjbnbyLOu
ŨſGF.I*'˫Ġ 4-17 ˬ2ɁƹDFKÜȂ1C*, LPP3
2ǆɞ©ʫ LPA`ZpƂæGF.ȤęG' 
 
7. Ƚɝ˄Ƒȝ˔1 LPP3őĤ LPA`ZpJƂæ ,F  




 ,FǂļɽŊGFK ÜȂƤ13 LPP3 3˝ɭ1Ƚɝ˄Ƒȝʸº1őĤ





Ƒȝ˔1őĤ ,EbYkj ,Ƚɝ00*'˔-3 LPP32őĤ
ɽŊG0*'˫Ġ 4-18 B ˬ 




3;.K/ LPA1CF¾ȇ3ɹDG0*'˫Ġ 4-19 ˬ2 LPA1CF˓Ƒ
ȝ˔-2MYjbnbyLOuŨſ@ LPA6/Gα13/RhoA/ROCK ɀʚJ­
 ,'˫Ġ 4-19 ˬ<-2ȞɹDȽɝ2˓Ƒȝ˔-3 LPP3őĤ ,
0'? LPA `ZpÔEA"Ƒȝ˔-3 LPP3 őĤ ,F'?
LPA`ZpƂæG,F.ŹłGF%- LPP31C*,ÞɾJ
ą0 LPPɔŷ2 LPAMpZ-F OMPT(46)- HUVECJçǱ '.
HOMPT çǱ-3ȽɝÕ¼1Ǩ*,MYjbnbyLOuŨſÄʫ
G'˫Ġ 4-20 ˬ<' LPA .ċǂ1 Gα13/RhoA/ROCK ɀʚJǛŷö"F
thrombin -çǱ ,@ȽɝÕ¼1Ǩ*,MYjbnbyLOuŨſ




8. LPP32ȓȁˁ3 Notch signal1C*,æůG,F  
 ^z\yRn\yRnFK ÜȂƤ2ĉƴµ- LPP3 2ȓȁˁ
Jłˁ '.HFK ÜȂƤ LPP3 2ȓȁˁ^z\yRnƤ1ǒ:Ⱥ
8 ÈȫŠįð"F.I*'˫Ġ 4-21 ˬ2 FK ÜȂ1CF LPP3 2ȓȁ
ˁįð1˅ ,ȧ3 Notch ɀʚ˅ ,F2-30.ɒ'Notch
3ĜɦʒʨĦąņ¼-EɦhvY-F Notch ligand.ɁĊ"F.Ƚ
ɝØoOßE(Gʮˍ ǃȖʵ¶ļ2ʜÚJæů"F.ȞD
G,F(47)ØȘȽɝ3 Notch ligand . NotchJ/)D@ȓȁ ,EƑȝ
"F.-`ZpJ¶F.-F%- FKÜȂ ' HUVEC1Ō 
, Notch`Zp2ˆŅê-F DAPTJÜȂ '.HLPP32ȓȁˁ»
 79 
 '˫ Ġ 4-22 A ˬǈ1 Notch ligand2+-F Dll4- HUVECJçǱ '
.H LPP32ȓȁˁ3įð DAPTÜȂ1CE LPP32ȓȁįð3ˆŅG









 HUVEC Jȇ'ɾƸDLPA 3 LPA6/Gα13/RhoA/ROCK ɀʚJǛŷö 
MYjbnbyLOuŨſJÄʫ"F.-VE-cadherin2őĤJıö
$ØȘȽɝ˄ƑȝJƂæ ,F.ŹłG'<' HUVEC 13 LPA
Þɾʼȼ-F LPP3ȓȁ ,ELPA`ZpJƂæ ,F.@I





-@ LPP3skYiP1CE LPA6/Gα13/RhoA/ROCKɀʚʰì1Ǜŷö ,
 <*''?1ɲȴŨſȋŜJȤ '2-30.ɒDGF 
 <'ɪĒǢȞɹ. ,LPA 3Ƚɝ2˓Ƒȝ˔1,Ŧ`ZpJ¶








LPA `ZpJÔG$0C1 ,F@+3 Notch `Zp1C
F LPP32ȓȁˁ2æů-F 
 .H-ezyNk`1,ąȸŬ 30Ƥ˄2¸˃ ,F¼ȵ˄ɲ
 81 
ȴ13˰Ȭ˞2ØȘȽɝĽĤ ,F.ȞDG,F˫ Ġ 4-23 ˬÑȰ2
Ƚɝ3 Tip cell.ē4G˃yNmNMJ¸4 ɲȴƟȅĝļ0/1č
*,ʮʗ ,.I*,F2 Tip cell1+D0*,Ȫô ,ɳ
ȽɝJ Stalk cell.ē82Ƚɝ3 Tip cell.ȋ0EȽɝįǍ ȴɣJŨ
ſ Mo9baY`J­ ,Ŧġ1Ƒȝ"F.ȞDG,
F2C1¸˃ ,FØȘȽɝ13ŷʕ2ȋ0F¤+2ØȘȽɝĽĤ
 ,F2ŷʕ2ʲJíE("213 Notch `Zpʿɸ-F
Tip cell3 Notch ligand-F Dll4J˥ȓȁ ,ETip cell1+D0FØȘȽ
ɝ1NotchJ­ ,`ZpJ¶F.-%2ȽɝStalk cell1Þö"F(47) 
+<ENotch `Zp3ʵ¶ļ2ʜÚæůJ­ ,Ŧġ0ƑȝAȴɣŨſJ
Äʫ$F.ȞDG,F˫Ġ 4-23 ˬƳȠȭ-ƣD10*' LPP3 
LPA JÞɾ"F.-ØȘȽɝ˄2ƑȝJŦġ1 ,F.A Notch `Zp
1C*, LPP32ȓȁįð"F.JɒF.¬<-ȞDG,' Notch 

























































































actin stress fiber formation






























C 4-13, LPP3ŷŮşŬŖƏĽŊŌLPAłľl;iĥėŅō 
û\{ĝ0.1 µM LPA0ĹĿM7ĥļħĝ1 µM LPAĽŊŌVE-cadherinľZ
EĥM7ĭĝÁÓĊĽŞƇŮſĥĹĦōƒ²9ƓĥĝsiRNAĽŊŌLPP3ŐŷŮşŬ
ŖƏįōĺ0.1 µM LPAĹ5ĥ¢ŎōĞLPP3 siRNAĺ?{Ľmouse LPP3 
(mLPP3) cDNAŐX$įōĩĺĹƍŦŝƈƑīŎōĞĩľ5ĿLPA+çi

























confluent {ĽĿĝ0.1 µM LPA0ĹĿM7ĥļħĝ1 µM LPAĽŊŌœşŭƏ
ŦŲƍŦŽŒŕŹƑamĥýīŎōĥĝsub-confluen t{ĽĿ0.1 µM LPAĹ



























ŹƑamĥýīŎĴĞsc: scratch areaĞ 
102
C 4-21, Forskolin (FK) 0ĽŊŌLPP3ľ¬¢ćĥK4įō
HUVEC Őęsub-confluent, confluent, FK-treatment ĺĠġĹGĕĭĴdĝ
LPP3ľāO¬¢ćŐSćRT-PCRĽŊŌSćĭĴĞ*P<0.05ĝ***P<0.001$Ğ 
103
C 4-22, Notch signal ĽŊŌLPP3ľ¬¢ćĥ/eīŎĸĠō
A, FK)£ĭĴHUVEC ŐNotch inhibitorĹğōDAPTĹ)£ĭĴdĝLPP3ľ
āO¬¢ćŐSćRT-PCRĽŊŌSćĭĴĞ 
B, Notch ligand Ĺğō recombinant Dll4 (rDll4)ĹHUVECŐ0ĭĝLPP3ľ
¬¢ćŐSćĭĴĞDll40ĽŊŌLPP3ľ¬¢ćĥK4ĭĝDAPT)£ĽŊŌ







































' LPP3  LPA `ZpJʊȵ"F.-ɲȴŨſJæů ,F.JȤ 







ȯ2ɒŊ- Tip cell. Stalk cell1+,ʉƣ 'ATXskYiPƤ13
ÑȰ2Ƚɝ2Ȫô 0*,F.DTip cell101 D2ȋŜ





Ĥ"F'?Ƚɝ˄Ƒȝ˔ŏ0 LPA ¾ȇ A"0*,ELPA 3
LPA1,4,6ąņ¼J­ ,ɲȴ¸˃JÄʫ ,F.ʥ1 stalk cell-3 Notch
`Zp1CE LPP3 2ȓȁˁįð LPA `ZpJƂæ"F.-ɲȴØ
ȘȽɝ˄2ƑȝJɃƊ ʴß0ɲȴŨſɳIG,F.JŹł ,F
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